risk factor for the normal microbiome to turn into a so-called pathobiome, which is diagnosed as hospital-acquired pneumonia (HAP) and often associated with outgrowth of P. aeruginosa or other antibioticresistant bacteria (6, 7) . Recent estimates indicate that in Europe, 2.6 million cases of hospital-acquired infections occur each year, and that HAP accounts for the highest disease burden and number of deaths (8) . HAP dramatically increases both the length of the hospital stay and health care costs, and is associated with a mortality of up to 13% (9) .
The increased susceptibility of critically ill patients to infection with multidrug resistant (MDR) gram-negative bacteria was originally attributed to generation of a permissive niche with selection of MDR pathogens that were not covered by the ABx regimen (10, 11) . In this issue, Robak and colleagues (12) identify an additional mechanism by which lung and gut microbiota changes induced by ABx treatment inhibit immunoglobulin A (IgA) production in the lung, thereby increasing susceptibility of ABx-treated patients to infection with P. aeruginosa (Figure 1 ).
Microbiota-host immunity cross-talk
How do the findings of Robak et al. help expand our understanding of the interplay between the microbiota and host defense in lung infection, and thereby promote development of new prophylactic or therapeutic strategies? It is well established that antimicrobial therapies inevitably cause dramatic and long-lasting collateral damage to the diverse populations of commensal bacterial species that are part of a patient's intestinal microbiota. However, recent investigations have further revealed that composition of the microbiota also crucially impacts systemic and pulmonary innate immune responses during bacterial and viral infections (13) (14) (15) . Considerably less is known about how the microbiota ecosystem and its depletion by ABx impact adaptive immune responses. The gut microbiota is critical for regulating intestinal IgA production, as IgA-secreting cells and IgA production are almost absent in the gut of germ-free mice (16) . Moreover, microbial signals are known to activate TLRs on intestinal epithelial cells and DCs to induce production of the crucial B cell survival signals APRIL and BAFF, which in turn, promote IgA production by plasma cells (17) (18) (19) . In addition, microbiotaderived short-chain fatty acids have recently been demonstrated to positively regulate IgA production (20) .
IgA-mediated pulmonary host defense
What makes IgA so special for lung host defense? Immunoglobulin A has a critical role in immune defense, particularly at mucosal surfaces, and IgA is specially The use of broad-spectrum antibiotics in empirical antimicrobial therapy is a lifesaving strategy for patients in intensive care. At the same time, antibiotics dramatically increase the risk for nosocomial infections, such as hospital-acquired pneumonia caused by Pseudomonas aeruginosa, and other antibiotic-resistant bacteria. In this issue of the JCI, Robak and colleagues identified a mechanism by which depletion of resident gut and lung microbiota by antibiotic treatment results in secondary IgA deficiency and impaired anti-P. aeruginosa host defense. Impaired defenses could be improved by substitution of polyclonal IgA via the intranasal route in a mouse model of pneumonia. Importantly, antibiotic treatment caused lung IgA deficiency that involved reduced TLR-dependent production of a proliferation-inducing ligand (APRIL) and B cell-activating factor (BAFF) in intensive care unit patients. These patients might therefore benefit from future strategies to increase pulmonary IgA levels. jci.org
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However, it is also conceivable that the induction of IgA generation occurs in the intestinal tract and that IgA + plasma cells subsequently migrate to the lung, given that migration of plasma cells between lung and intestine has been previously described (22) . Second, the cellular compartment responsible for the TLR-dependent APRIL production and the specific TLR member involved remain unknown. Third, the mechanism by which IgA exerts antimicrobial properties directed against P. aeruginosa (and most likely other bacterial species) in the lung is unknown, but likely is similar to the gut, where IgA achieves neutralization of invasive pathogens by various mechanisms, such as immobilization, opsonization, or killing (23, 24) . Knowledge about such molecular mechanisms will be crucial to select the most appropriate preparations for passive IgA supplementation. Finally, the specific features of respiratory and/or intestinal microbiota (for example, distinct bacterial taxa) required for the induction of protective immunity in the lung, and the potential of probiotics to rescue this IgAdependent antibacterial defense, remain to be defined.
had not been investigated if and how disturbances to this mechanism contribute to the enhanced susceptibility to lung infections following antibiotic treatment. The findings by Robak et al. explain how depletion of the resident microbiota affects lung host defense against P. aeruginosa and represent a fundamental step in filling this knowledge gap. To our knowledge, this is the first study to demonstrate that depletion of resident microbiota by ABx inhibits TLR-dependent production of APRIL, resulting in secondary IgA deficiency in the lungs of both mice and ICU patients and increases susceptibility to subsequent P. aeruginosa infection (Figure 1 ). There are several essential unresolved questions that arise from this work. First, what is the cellular source of TLR-dependent APRIL, BAFF, and IgA production? The relevant cell might in fact be in the lung, as suggested by a recent study that demonstrated that lung CD103 + and CD24 + CD11b + DCs induce IgA class-switch recombination by activating B cells through T cell-dependent or -independent pathways (22) . This process involved microbial stimuli acting through MyD88/TRIF-mediated TLR signaling and TGF-β receptor signaling. equipped to undertake this task through the unique structural attributes of the IgA heavy chain and by virtue of its ability to polymerize (16) . Notably, more IgA antibodies are synthesized in mammals per day than antibodies of all other isotypes combined. IgA plays a pivotal role in maintaining a homeostatic relationship between the host and the resident microbiota of the intestine (21) . Production of high-affinity and antigen-specific IgA in Peyer's patches and mesenteric lymph nodes has been documented to be T cell dependent (16) , whereas low-affinity polyreactive IgA responses are mainly induced in isolated lymphoid follicles and in subepithelial B cells in a T cellindependent manner (19) . Both low-and high-affinity IgA regulate the composition of the intestinal microbiota by coating many of the bacterial components in the intestinal lumen, in order to maintain intestinal homeostasis (21) .
In contrast to the gut, it was not known whether microbiota-dependent IgA production also maintained lung microbiome homeostasis and whether IgA was required for antibacterial defense in the lungs of mice and humans. Moreover, it Figure 1 . Broad-spectrum antibiotic treatment exerts severe collateral damage by inhibiting microbiota-induced secretory IgA synthesis and IgAdependent lung host defense toward P. aeruginosa. The lung and gut commensal microbiota induce IgA production at mucosal surfaces involving TLR-, APRIL-, and BAFF-dependent signaling. Lung secretory IgA (sIgA) binds P. aeruginosa and reduces host susceptibility to P. aeruginosa pneumonia. ABx treatment destroys luminal microbiota and severely reduces sIgA production by lung IgA-secreting plasma cells, thereby impairing anti-pseudomonas host defense, which can be reestablished by transnasal administration of sIgA.
